In this study, transesterification of low quality crude jatropha oil (acid value > 4mgKOH/g & water content > 1000ppm) to biodiesel using modified natural zeolite as a solid catalyst was carried out. The effects of various factors consist of the reaction time, molar ratio of methanol to oil, reaction temperature, mass ratio of catalyst to oil and catalyst reusability were investigated. The experimental treatments of a 20:1 molar ratio of methanol to oil, addition of 5wt% catalyst, 70 o C reaction temperature using low quality crude jatropha oil resulted in optimum yield in which the biodiesel content exceeded 96.5% at 6 h. Along with, the recycling experiment results showed modified natural zeolite catalyst had a long catalyst lifetime which maintained sustainable activity (at least 96.5wt% of ester content according to EN14214 limitations) even after being reused for 3 cycles on low quality raw feedstock. The present finding is potential to simplify the biodiesel production and refining process in rural area. This study simplified method of biodiesel production from low quality raw feedstocks with economic and high efficiency catalyst.
Introduction
Due to the depletion of the world's petroleum reserves and the increasing environmental concerns, there is a great demand for alternative sources of petroleum-based fuel, including diesel and gasoline fuels [1] .
Biodiesel is receiving increasing attention as an alternative, non-toxic, biodegradable, and renewable diesel fuel [2] . Biodiesel is generally produced by transesterification of triglyceride, but it might also be generated by direct esterification of free fatty acid. In transesterification, triglycerides in vegetable oil react with alcohol to form a mixture of glycerol and fatty acid alkyl esters, called biodiesel [3] . European Standard EN14214 specifies a minimum percentage of 96.5wt% ester content in FAME purity which is significantly influence the performance of diesel engines.
Transesterification can be catalyzed by both acidic-catalysts (e.g. HCl and H 2 SO 4 ) and basic-catalysts (e.g. KOH and NaOH). Alkaline catalysts are more widely investigated because the rate of transesterification reaction by alkaline catalysts is much faster than that by acid catalysts [4] . Acid oils present high amounts of free fatty acids (FFAs), varying from 3% to 40%, which make non-recommendable its usage with the conventional technology that employs a basic homogeneous catalyst [5] . The basic catalyst and the FFA will interact to produce soap. This makes the amount of available catalyst for the transesterification reaction to be reduced and also complicates the down streaming separation and the biodiesel purification.
As reported in the literature, heterogeneous transesterification method proved to be more superior as compared to the homogenous transesterification method especially on the separation and purification of the product (FAME) [6] . Currently there are many feasible heterogeneous catalysts used in the transesterification process to provide lower cost and produce biodiesel in a more environmentally friendly manner such as metal oxides [7] , metal complexes [8] , active metals loaded on supports [9] , resins [10] , and lipases [11] .
The aim of this study is to develop a new class of high efficiency heterogeneous catalysts, which has, high FFA and water-tolerance that could show promising performances in terms of methyl ester (biodiesel) yield, reaction conversion, potentiality and sustainability, as well as simplicity and reduction of costs preparation to greatly simplify the biodiesel refining process in rural area which lacks of biodiesel production facilities and equipment to champion local production for local consumption (Yanmar Biodiesel Application Idea). Lack of access to affordable electricity is a major determinant of poverty in rural area. Biodiesel has great potential as alternative fuel in rural area & country to provide electricity and sustainable development.
Materials & Methods

Low Quality Jatropha Oil Preparation
Crude Jatropha Oil (CJO) was obtained from Bioenergy Thailand. Rancimat (Methrohm Oxidation Stability Instrument) was used for CJO deterioration process under condition of 140 o C and air flow 10L/h for 1hour to 24 hours. Total Acid Number (TAN) and Karl Fisher water content were monitored for all samples.
Catalyst Preparation
The natural zeolite (Clinoptilolite) sample was purchased from Seribeau Sdn. Bhd. in Penang, Malaysia. It was crushed and sieved to particle sizes 0.25-0.50 mm. An ion exchange method was used to prepare catalyst samples. Natural zeolite (Clipnotilolite) samples were dried at 150 o C overnight to remove the absorbed water on the surface and calcinated in a muffle furnace at 500 o C for 5 h. A chemical mixture was prepared (patent pending). Then, mixture solutions were mixed and ion exchange with natural zeolite under specific condition (patent pending), followed by then drying at 150 o C for 2 h.
Transesterification
All the catalytic tests were carried out using the same experimental conditions, chosen that maximum conversion in terms of methyl esters is obtained. Thus, the reaction was carried out in a 50 mL round bottom reactor equipped with a condenser and a mechanical stirrer with a water-cooled condenser. The methanolysis were carried out at methanol reflux temperature (60 o C) using an oil bath with temperature control. Typically, low quality jatropha oil was transferred to the reactor and heated until the desired temperature was reached. The transesterification reaction was carried out using different methanol/oil molar ratios, various amounts of catalyst, reaction time and reaction temperature & reusability test. After the reaction, the catalyst was recovered by vacuum filtration, washed with methanol and dried eventually for further use. The liquid two phases obtained, the glycerol-rich phase and the methyl esters (biodiesel) phase, were separated in a decantation funnel. After separation, the biodiesel phase, containing the methyl esters, unreacted oil, methanol and other impurities, was washed three times with 15 mL of hot distilled water and finally dried at 105 o C for 15 minutes.
Method of Analysis
The quality of the crude biodiesel and degree of conversion of the transesterification reaction were evaluated by measuring their final content of fatty acids methyl esters (FAME) and glyceride content according to EN14103 and EN14105 respectively. For the contamination of biodiesel, standard method of EN14104 for acid number determination and EN ISO 12937 for water content determination.
Result & Discussions
Low Quality Jatropha Oil Preparation
Crude Jatropha Oil (CJO) was deteriorated under high temperature 140 o C and air flow 10L/h using Rancimat. Deteriorated CJO have shown high acid content and high water content. For acid content, it was ranging from 3.38 mgKOH/g to 11.65 mgKOH/g and water content was ranging from 328 ppm to 2111 ppm. The deterioration mechanism of plant oil is generally well understood. Fatty acid chain of lipid have varying numbers of double bonds. Generally, the deterioration rate of lipid depends on the number of double bonds and their position on the chain (allylic and billylic position) which means they are separated by a single methylene group. According to EN 14214 limitations of TAN 0.5 mgKOH/g max and water 500ppm max, deteriorated CJO at 6 hours (4.08 mgKOH/g TAN & 1000ppm water content) was selected as feedstock for transesterification to standardized as low quality oil in present research. 
Biodiesel Transesterification
As shown in Table 1 , common base catalysts have shown soap formation by using deteriorated CJO. The presence of FFA and water in low quality CJO leads to the hydrolysis of the esters, and as a result, soap is formed. Natural zeolite showed no FAME phase even after 24 hours reaction time. Present study has shown higher ester content compared to other previous study which used synthetic zeolite as catalyst The experimental results, illustrated in Fig. 2(a) , FAME content increased in the reaction time rising from 1 to 8 h, the optimum reaction time for the transesterification reaction is 6 h. As shown in Fig. 2(b) , the molar ratio of methanol to oil had a significant impact on the biodiesel content. The biodiesel content gradually increased as the molar ratio increased, and the yield was higher than 96.5% (EN14214 ester content limitations) at a 20:1 molar ratio of methanol to oil. In this study, the mass ratio of modified zeolite to jatropha oil was varied within the range of 3.0-10.0wt%. The biodiesel content was increased with increasing modified zeolite catalyst and the maximum biodiesel content was obtained by adding 5.0% modified zeolite catalyst, which reached 97.8% at 6 h as shown in Fig. 2(c) . Fig. 2(d) indicates that the reaction rate was relatively higher at high temperature than that of low temperature. However, the biodiesel content was 69.9wt% at 30 °C (room temperature) after 6 h of reaction, and it reached to 97.8% at 70 °C after 6 h as optimum reaction temperature Fig. 2 (e) summarizes the experimental results, which indicated that modified zeolite catalyst maintained sustainable activity even after being used for 3 cycles based on EN 14214 ester content limitation of 96.5wt% minimum and the biodiesel content was slightly decreased. It had shown higher potential of reusability with better quality raw feedstock. Optimized biodiesel shown typical fatty acid profiles as shown in Fig. 2 (f) with C18:1 & C18:2 as dominant fatty acid composition.
Conclusions
The experimental results show modified natural zeolite catalyst had an excellent catalytic activity and stability in the transesterification of low quality jatropha oil to biodiesel with methanol, and the optimum conditions are: 20:1 molar ratio of methanol to oil, addition of 5wt% catalyst, 70°C and about 6 h of reaction time. Therefore, it has a tremendous potential to provide a friendly low cost method in biodiesel production from low quality raw feed stocks with high FFA and high water content.
